Background: Admission criteria and standardized management strategies for bronchiolitis are addressed in several guidelines and have shown to be beneficial; however, guidance regarding discharge criteria is limited and widely variable. We assessed the impact on clinical outcomes of a discharge protocol for children <2 years of age hospitalized with bronchiolitis in a tertiary care pediatric hospital. Methods: In October 2013, a protocol to standardize the discharge of children with bronchiolitis was implemented in the infectious diseases (ID) ward but not in other pediatric units caring for these children (non-ID). The protocol included objective clinical criteria and a standardized oxygen weaning pathway. Patients were identified via International Classification of Diseases-9 codes and data manually reviewed. We compared length of stay (LOS) and readmission rates within 2 weeks of discharge according to protocol implementation (ID versus non-ID), adjusted for demographic factors, comorbidities, viral etiology and stratified by pediatric intensive care unit admission. Results: From October 2013 to May 2015, 1118 children were hospitalized in ID and 695 in non-ID units. Median age was 4.5 months, 55% were males and 28% had comorbidities. LOS was 36% longer in non-ID units (risk ratio: 1.36 [1.27-1.45]; P < 0.001) adjusted for age, gender, comorbidities and viral etiology. Difference in LOS remained significant after excluding children with comorbidities and stratifying by pediatric intensive care unit admission. Readmission rates were comparable between units (ID, 2.9% versus non-ID, 2.6%). Conclusions: A standardized discharge protocol for bronchiolitis reduced LOS without increasing readmission rates. Unifying bronchiolitis discharge criteria and oxygen weaning pathways could positively impact hospitalbased patient care for this condition.
B
ronchiolitis is the leading cause of hospitalization in infants in the United States. 1 Different guidelines for the management of children with bronchiolitis have been published. [2] [3] [4] Most of these guidelines are focused on admission criteria and the value (or not) of different therapeutic interventions during hospitalization. However, there are no standardized protocols for the discharge of infants and young children with bronchiolitis.
Of all parameters influencing patient discharge, thresholds for discontinuation of oxygen supplementation represent one of the major determinants. [5] [6] [7] However, oxygen weaning pathways and the desired thresholds for oxygen discontinuation vary according to the different guidelines. 4, 8, 9 These factors may contribute to the wide variability in length of stay (LOS) reported among different institutions, both in the United States and across the world. 10, 11 Standardizing clinical criteria for bronchiolitis is especially relevant in an era where new interventions for prevention and treatment of respiratory syncytial virus (RSV) infection are being evaluated in clinical studies. [12] [13] [14] [15] The aim of this study was to assess the impact of a standardized discharge protocol for bronchiolitis on clinical outcomes. The protocol included both an oxygen weaning pathway and objective clinical criteria.
METHODS

Study Design
In October 2013, a protocol for the discharge of children with bronchiolitis was implemented in the infectious diseases (ID) unit at Nationwide Children's Hospital (NCH) but not in other hospital units (non-ID) caring for these children. This protocol included both precise clinical discharge criteria and an oxygen weaning pathway. Before its implementation, the protocol was discussed with all medical staff in the ID unit, including residents, attending physicians and registered nurses, and goals for discharge were documented daily in patients' electronic health records (EHR). The impact of the discharge protocol was retrospectively assessed by comparing (1) length of hospitalization and (2) readmission rates within 2 weeks in children hospitalized and discharged from the ID versus non-ID units during 2 respiratory seasons after the implementation of the protocol. Compliance with the discharge protocol was indirectly assessed by randomly auditing the adherence to the oxygen weaning pathway in 10% of patients' EHR.
The decision to hospitalize patients to ID (ID unit) or to the general pediatrics or pulmonary services (non-ID units) was made at the discretion of the Emergency Department physician and based on bed availability. A small number of patients were directly admitted to NCH from outside facilities (ID, 6% and non-ID units, 8%). The pediatric intensive care unit (PICU) was not included in the "non-ID units" group because the patients were rarely discharged directly from the PICU. Admission to the intensive care unit was decided at the discretion of the PICU attending physician, and PICU practices were consistent throughout the study. NCH is
Discharge Protocol
The parameters and criteria included in the discharge protocol are summarized in Table, 
Patient Identification
EHR from children <2 years of age discharged with a primary diagnosis of bronchiolitis were identified by the International Classification of Diseases-9 codes (466.11, RSV bronchiolitis; 466.19, bronchiolitis attributed to other infectious organisms) and data cross-checked with virology laboratory results. Viral testing was performed at the discretion of the attending physicians across the hospital and systematically per standard of care in the ID unit. Testing was mostly polymerase chain reaction (PCR) based, either a laboratory-developed real-time PCR or a multiplex PCR panel (FilmArray Respiratory Panel; BioFire, Salt Lake City, UT). 16 EHR were reviewed for demographic and clinical data, including presence of comorbidities, which were categorized into prematurity, congenital heart disease, chronic lung disease, immunodeficiency, neuromuscular disorders and genetic syndromes. [17] [18] [19] [20] Information regarding LOS, need and duration of PICU stay, mechanical ventilation and hospital readmissions was also collected. For patients with multiple hospitalizations for bronchiolitis/lower respiratory tract infections, only the first admission during the same respiratory season was analyzed. The study was approved by the NCH Institutional Review Board.
Statistical Analysis
Patient characteristics were compared using Wilcoxon ranksum test for continuous variables and χ 2 test for categorical variables, and data were presented as medians (25th-75th interquartile ranges) or frequencies (percentages) accordingly. The Bonferroni correction was applied to adjust for multiple testing when analyzing variables that included multiple categories. For multivariable analyses, we selected as primary outcomes LOS and readmission rates. Given that the distribution of LOS was skewed, gamma regression with a log link function was used after verifying goodness of fit with residual plots and deviance statistics. All gamma regression coefficients were exponentiated to allow for interpretation in terms of risk ratios. 21 Logistic regression was used to determine which factors were associated with readmission rates. Variable selection was based on significance on bivariate analyses and clinical grounds. Analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC) and GraphPad Prism v.6 (GraphPad Software; La Jolla, CA), with a 2-sided P value < 0.05 considered statistically significant.
RESULTS
Patient Characteristics
From October 2013 to May 2015, 1813 children <2 years of age were hospitalized with bronchiolitis at NCH. Of those, 1118 were discharged from the ID unit and 695 from non-ID units. The demographic characteristics of these children are shown in Table 1 . Children discharged from the ID unit were younger, and 23% were black compared with 29% in non-ID units, where presence of comorbidities was more frequent. The most common underlying condition in both units was prematurity. Gender and type of medical health insurance were similar in both groups.
Viral testing was performed in 92.7% of children, 1103 (98.5%) and 578 (83%) in ID versus non-ID units, respectively (P < 0.001). RSV alone or in combination with other respiratory viruses was identified in 76% of children.
In terms of disease severity, 29% of children discharged from ID versus 36% from non-ID units required PICU admission (P = 0.009), with no differences in duration of PICU stay (3 [2-5.73] versus 3 [2] [3] [4] [5] [6] days; P = 0.86) or need for mechanical ventilation (6.2% versus 7.6%; P = 0.24) in ID and non-ID units, respectively.
Length of Stay and Readmissions According to Discharge Unit
To determine the value of the discharge protocol, we compared LOS and readmission rates within 2 weeks of discharge Categorical data are expressed as frequency (%) and analyzed using Fisher or χ 2 test. Continuous data are expressed as medians (25%-75% interquartile range) and analyzed using Mann-Whitney rank-sum test. Co-infections indicate the presence of more than 1 respiratory virus identified. The Bonferroni correction was applied to correct for multiple testing when analyzing variables that included multiple categories such as presence of comorbidities (P values reflect the adjusted values).
*Effect size calculated (based on Cliff's delta) for the difference in gestational age by unit (0.08 [0.03, 0.14]) was considered negligible.
CHD indicates congenital heart disease; CLD, chronic lung disease; ID, infectious diseases; IDs, immunodeficiency; GA, gestational age; ND, neuromuscular disorders; RV, rhinovirus.
between units. Protocol compliance in the ID unit, indirectly assessed by adherence to the oxygen weaning pathway, was 97% (68%-100%).
Total LOS, which included ward and PICU stay for children who required PICU admission, was shorter in children discharged from the ID unit (ID, 2.0 [1.4-3.8] versus non-ID, 2.8 [1.7-4.9] days; P < 0.001). Likewise, LOS exclusively in the ward (excluding PICU stay) was also shorter in children discharged from ID versus non-ID units (1.7 [1.1-2.5] versus 2 [1.2-3.3] days, respectively; P < 001; Fig. 1 ). Ten children were directly discharged from the PICU and were not included in the analyses. Sensitivity analyses in which patients with comorbidities were excluded showed similar results (Fig. 1 ).
There were no differences in readmissions rates between units (2.9% [n = 33/1118] in ID versus 2.6% [n = 18/695] for non-ID units; P = 0.77). Readmitted children were younger (2.3 versus 4.9 months; P < 0.001) and had lower weights than patients who were not readmitted to the hospital within 2 weeks of discharge (Table, Supplemental 
Independent Predictors of Clinical Outcomes
To confirm the findings derived from bivariate analyses, we constructed multivariable models using as primary outcomes LOS (total [PICU + ward] and ward exclusively) and readmission rates. Discharge unit (ID versus non-ID), age, gender, race/ethnicity, presence of comorbidities, viral etiology and PICU admission were included as covariates. In addition, because the presence of comorbidities was more common in children discharged from non-ID units and admission to the PICU could per se influence the outcomes selected, further sensitivity analyses excluding children with comorbidities and stratifying by PICU admission were conducted.
Length of Stay
Race, presence of comorbidities, RSV+ status, PICU admission and discharge from non-ID units were all independent risk factors for longer LOS ( Table 2 ). The same covariates independently increased the risk of longer LOS exclusively in the ward (after time in the PICU was excluded from the analysis). Overall, children hospitalized in non-ID units had both a total hospital stay and a ward-only stay of 36% to 42% longer than patients discharged from the ID unit, respectively.
A second set of analyses, in which children with comorbidities were excluded, showed that the same covariates except race independently increased the risk for total longer LOS. However, the only factor associated with longer LOS exclusively in the ward was discharge from non-ID units. Healthy children discharged from non-ID units had a total and ward hospital stay ≈30% longer than those discharged from the ID unit. Sensitivity analysis including only children <12 months of age, which represented the majority (85% [946/1118] in ID and 73% [509/695] in non-ID units), confirmed that discharge from non-ID units was independently associated with longer total and ward LOS (data not shown).
Last, to account for the possible carry-over effect of PICU admission when analyzing ward LOS, we performed sensitivity analyses excluding children who required PICU admission. Adjusted ratios were calculated first including all patients (healthy children + children with comorbidities) and then excluding children with comorbidities. Children who did not require PICU admission and were discharged from non-ID units consistently showed an increased risk for longer LOS (all patients: risk ratio, 
Readmissions Rates
After adjusting for other covariates, the odds of hospital readmission were greater in infants of younger age (1.13-fold increase risk per month decrease in age [odds ratio = 0.87 [0.80-0.94]; P = 0.004]) but were not influenced by the discharge unit (Table 3) .
DISCUSSION
In this single-center study, we assessed the value of a standardized discharge protocol for young children hospitalized with bronchiolitis, which included both an oxygen weaning pathway and objective clinical criteria. Implementation of the protocol was associated with reduced LOS without increasing the rates of readmission.
Over the past years, different studies and guidelines for the management of bronchiolitis have been published. 5, 22, 23 These guidelines provide recommendations in terms of prevention, Of all parameters influencing patient discharge, and thus LOS, the threshold for oxygen discontinuation represent one of the main determinants. [5] [6] [7] The 2015 UK NICE guidelines mentioned in general terms the need for clinical stability, adequate oral intake and SpO 2 > 92% for patient discharge, whereas the 2006 Scottish Guidelines established an SpO 2 threshold of >94% and required >75% of usual oral intake, regardless of age. Recent studies have shown that oxygen discontinuation when SpO 2 are ≥ 90% is safe and associated with improved outcomes. 5, 6, 26 The ≥90% oxygen threshold is currently recommended by the Finnish and the 2014 American Academy of Pediatrics guidelines and was the threshold used in our protocol. 2, 24 In addition, we considered that standardizing the oxygen weaning process was a central component of the protocol that possibly helped minimize variability of time to SpO 2 discontinuation. Data regarding other objective clinical parameters that could influence a timely and safe discharge of children with bronchiolitis are scarce. Recently, a large prospective study evaluated in detail the clinical course of children <2 years of age hospitalized with bronchiolitis. 27 Authors identified 4 parameters that could be used as discharge criteria including improving retractions, stable respiratory rate, SpO 2 > 90% and good hydration status. 28, 29 In addition to those 4 parameters, we included having adequate follow-up as a key criterion for discharge planning, which has special relevance in the youngest age group. Young age was identified as a risk factor for hospital readmission in our study, emphasizing the need for early and adequate follow-up of these children. [30] [31] [32] Studies suggest that implementation of objective criteria for patient discharge may improve clinical outcomes. [33] [34] [35] [36] In [33] [34] [35] [37] [38] [39] A study comparing a cohort of 229 infants with bronchiolitis who were managed based on a clinical pathway, with a historical cohort of 207 children managed without the pathway, showed that protocol adherence was associated with decreased readmission rates, with no impact on length of hospital stay. 34 More recently, a retrospective study showed how adherence to a standardized clinical pathway in 267 children with bronchiolitis was associated with shorter LOS in the emergency department (ED), with no significant differences in hospital stay. 35 Contrary to those studies, we found that the implementation of a discharge protocol significantly reduced LOS with no increase in readmission rates. These discrepancies may be related to differences in the populations included and study design because thresholds to discontinue supplemental oxygen, acceptable duration without oxygen therapy or admissible oral intake at discharge were not homogeneous or completely addressed. Nevertheless, the present study, which included a larger sample size, used a stringent SpO 2 threshold (≥90%), a detailed oxygen weaning pathway and 5 additional clinical criteria, emphasizes the value of such protocols not only for patient management but also for patient discharge. Standardizing discharge criteria for bronchiolitis may help reduce the wide variability in LOS that exists among different countries and even across institutions within the same country. 10, 11, 40, 41 A reduction in duration of hospitalization can bring important benefits not only for patients but also for healthcare facilities, as it decreases the risk of nosocomial infections and the likelihood of medical errors and hospital costs and allows a more efficient bed turnover. 42 In addition to these objective outcomes, others not so easy to measure but important potential benefits of a timely discharge include re-establishing the infant's and family routine, which in turn may help patient recovery.
This study has limitations. Given the integral design of a retrospective analysis, it is possible that unmeasured confounders may have influenced the results. Although the evaluation of the discharge criteria was adjusted for a number of variables, there are other factors that are intrinsic to the hospitalization units. Comparing outcomes before and after the protocol implementation in the ID unit could control for this potential bias. However, as bronchiolitis is a common pediatric condition with no specific antiviral therapy, it could be argued that a contemporary parallel comparison between different units would better assess the effect of the protocol, leaving aside the reported differences in disease severity over different seasons that could influence LOS. 43, 44 Another limitation is that the clinical pathway was designed for otherwise healthy children, and certain thresholds established in the protocol may not apply to children with underlying medical conditions, which will warrant individual assessment. Nevertheless, sensitivity analyses that included only healthy children, who represented the majority of hospitalized children, 45 confirmed the positive impact of the standardized discharge criteria.
In summary, we propose a standardized protocol for the discharge of children with bronchiolitis, which has the potential to impact patient management by decreasing unnecessary hospital stay.
